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Abstract
The damage behaviour of bone tissues has attracted many interests of scientists and engineers due to it can repair itself. This renewing process is 
performed by bone remodelling. In the present paper, we establish a mechanism-based damage model to rationalize the damage evolution law of 
bone under simultaneously applied mechanical and electromagnetic fields. An evolutionary law of bone damage and the corresponding modelling 
methodology are presented to analyze the complicated damage/repair behaviour of bone under multi-fields. The model for bone injury under 
disuse status is established. Then the numerical examples are considered to verify the present theoretical model and the influence of those 
mechanical and non-mechanical factors on the bone damage and healing are simulated based on the new damage model. It is shown by result that 
compared with mechanical stimulation, electromagnetic field is a kind of more reliable method for improving disuse osteoporosis with relatively 
small side effect.
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1.Introduction 
Disuse is caused by systemic or local bone mass loss for reason of reduction in mechanical force. Common causes 
of disease are:  motion ability is restricted or has dysfunction; motion system including muscle ü skeleton is 
damaged or ill;nerve system is damaged or ill. Disuse status is frequently seen in damage of spinal cord, hemiplegia, 
polio and its sequel, fracture, long-term bed rest and space flight. From the viewpoint of mechanics, disuse status is 
beneficial for bone injury, the driving force for formation of bone injury is obviously reduced because of reduction 
in external force load, thus the formation speed of bone injury might be reduced, and the injury extent of bone is 
reduced. However, from the viewpoint of biology, disuse status would cause serious problem, i.e., osteoporosis. 
Because of existence of reconstruction function of bone, once it is in the disuse status, its mechanism of 
reconstruction would be activated, as a result, bone mass would be greatly reduced, and that is bone injury in 
another sense ü though not in terms of mechanics.  
The model for bone damage under effect of multiple physical fields that takes into consideration the repair effect 
was preliminarily established in our paper [1,2], some injury behaviour of bone under the circumstance of overload 
was investigated on that basis, and the influence of multiple field coupled load on the reconstruction behaviour of 
bone injury was approximately understood. We know from the Ref.[1,2] that there are three induction factors for 
reconstruction of bone: overload, disuse and hormone influence. This paper shall emphatically pay attention to the 
influence of multiple physical field load on the bone injury and repair under disuse status, and establish the 
equations for bone damage and repair under disuse status. 
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2. Disuse status of bone and the problems incurred by disuse status 
Osteoporosis (DOP) is a kind of secondary osteoporosis, and it is the osteoporosis caused by systemic bone 
mineral substance reduction for the reason of restriction of motion ability or dysfunction. It can be locally seen, for 
example, motion miopragia or motion function loss of paralysis patient, long-term bed rest, long-term use of plaster 
immobilization and plate fixation in surgery, etc., can all induce disuse osteoporosis, it might also be incurred by 
physical treatment and drug treatment. Active treatment to primary disease shall not be neglected under any 
circumstance. Physical exercise shall be firstly emphasized in prevention and cure.. Electrical stimulation can be 
adopted for physiotherapy, so as to promote the activity of osteo-blast and inhibit bone absorption. The effect of 
pulse electromagnetic field in bone formation and reconstruction of bone has been proved by large quantities of 
research over the past 30 years. [4]. Bone metabolism is affected by pulse electromagnetic field (PEMF).  PEMFs 
through stimulating the function of osteoblast. It is shown by domestic and foreign research that pulse 
electromagnetic field is a kind of non-medicinal method for treating osteoporosis with relatively good prospect of 
application [5] The effect of electromagnetic field by biophysical stimulation shall occur at surface or interior, such 
as body trunk and hip bone, etc., bone quality can be improved, so as to effectively prevent and cure the 
osteoporosis caused by disuse. The effects of the pulse electro=magnetic field on the bone damage can also be found 
in the references [6-9]. 
3. Establishment of model for bone damage  in disuse status 
It is shown by the above research that the influence of disuse status on bone density is very great, but its effect on 
bone injury is positive. Electromagnetic stimulation undoubtedly has effect on reconstruction of bone.At present, the 
research in that aspect is sparse. Therefore, we need to establish the following model:  
Firstly, we still adopt damage quantity  D and modulus of elasticity E of bone to reflect bone quality. In fact, 
because of reduction in load under the disuse status, the mechanical properties including modulus of elasticity of 
newly formed bone would be greatly reduced. The damage  quantity D and modulus of elasticity 0E of bone are 
defined as following. Some of the  formula can be found  in [1,2] and [4]. 
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where 0E is related to the porosity p of bone, , and we can get the equation of damage  quantity D and porosity 
p changing with time by the same means as the evolution law of the porosity and damage: 
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where the definitions and values of RQ and FQ , fD and hD can be seen in [1,2] 
Chuan-Yong Qu and Shou-Wen Yu / Procedia Engineering 10 (2011) 171–176 173
L
qf Rk
dt
dD
H 
                                                               
              (4)
Fh
h Nk
dt
dD  
                                                                                  ˄5)
)1( 1(max) s
sr
D
Dk
RR eNN
 
                                                           ˄6)
RfF NkN                                                                                      (7) 
Refer to the previous paper [1,2] for the definitions and values of variables in each of the above expressions.  
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fk is still the relationship coefficient between bone absorption and osteogenesis, but compared with the definition 
in the previous chapter, in order to research the reconstruction of bone and its injury under disuse status, we have 
additionally introduced an item, i.e., the value when Lĭĭ  , where ĭ is the external load stimulation factor.  
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Then the reduction in external load stimulation would cause reduction in the number of growth factor contained in 
bone cell, it is represented as:   0min
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In the expression of fk under disuse status at the time of reconstruction of bone, there is an item of very special 
expression of the first term of fk , that item of expression is related to the porosity of bone, its introduction is to 
show the influence of physiological factor on reconstruction of bone. It is set in this paper: after external load fully 
disappears, the porosity of bone tissue shall be about %500  p , thus the value range of p is between 0 and 
%500  p ( 00 pp d ). Where 5 n defines the shape of curve. It can be seen  that when the bone tissue is in disuse 
status, proportion coefficient fk will increase with the increase in porosity, more osteoblast will be secreted to 
generate new bone cell, so as to block further absorption of bone tissue.  
4. Influence of disuse status on bone damage 
After introduction of the above hypothesis, we can solve reconstruction of bone and the control equation of 
reconstruction of bone can be deduced. It can only be considered to solve by the numerical method. In the solving 
process, the fourth-order Runge-Kutta integral method is adopted for solving the above equations.  
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For the sake of convenience, we assume that the bone material is simplified as a cube whose side length is 1cm. 
Similarly, it is supposed that the exerted ijs , electric field iE and magnetic field iH will return to zero within each 
period. 
   Refer to [1,2] for the value of parameter used in the model, and the values of quantities that newly emerge in this 
paper have been given in [1,2]. Several kinds of concrete circumstances are analysed as follows. 
 4.1  Influence of disuse status on bone damage and bone density 
In order to explain the influence of disuse status on bone damage and bone density, three different models for 
force load on bone tissue are selected in this thesis, including P = 0.18, 0.16 and 0.08 KN, and there is no action of 
other load except those. The result after simulation is shown in Figure 1 and Figure 2, among them, Figure 1 
displays the influence of disuse status on bone injury, and Figure 2 displays the influence of disuse status on bone 
density.  
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Fig. 1 Diagram of bone damage variable D changing with time under action of difference force load 
We can see from Figure 1: once bone tissue is in disuse status, because of reduction in load, the driving force for 
increase of injury is also reduced, but reconstruction of bone will continue to repair the broken bone cell, thus its 
injury variable would be lowered, and that has positive effect on improvement of bone quality.  
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Fig.2 Diagram for rate of change in bone porosity p changing with time under different force load  
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Fig.disuse status on bone density. We can see from the diagram that with the decrease in load, bone porosity 
begins to rise, and bone mass begins to decrease, bone becomes more fragile and bone quality is reduced, and the 
adverse effect of disuse begins to emerge. Figure 3 shows the change in damage quantity of bone with different 
porosity under the same load effect (P = 0.6KN).  
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Fig.3 Diagram of damage variable D of bone with different porosity changing with time Influence of various factors on bone 
quality in the rehabilitation process of fracture 
4.2 Influence of electromagnetic field on bone injury behaviour under the disuse status and in the rehabilitation 
process  
It was mentioned before that physiotherapy was another method for treating disuse osteoporosis, i.e., the 
treatment aim can be reached by means of electromagnetic stimulation. Then what is the influence of 
electromagnetic field on bone injury? We shall firstly research the influence of electromagnetic field on bone injury 
behaviour under the disuse status, an electric field of 5V/m and 10V/m is respectively exerted onto the bone tissue 
under disuse status, then compare with that without exertion of electric field, and the result is shown in Figure 4 and 
Figure 8.  
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Fig.  4  Diagram of bone  damage variable D  changing with time under the disuse status with  different electric field  
Figure 5 shows the effect of electromagnetic field on the rehabilitation process of disuse osteoporosis. Similarly, 
it can be seen from diagram that in the process of rehabilitation, electromagnetic stimulation can reduce the injury 
quantity of bone on the one hand, and quicken the repair speed of bone injury on the other hand. That also explains 
the important active role that can still be played by electromagnetic field in the rehabilitation process of disuse 
osteoporosis.
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Fig. 5  Effect of electromagnetic field in the rehabilitation process of osteoporosis 
5. Conclusion
Based on the theoretical model established in Author’s paper [1,2],   the model for bone damage under disuse 
status is firstly established.  The influence of exercise intensity and resting time on treatment of disuse osteoporosis 
was discussed. The influence of electromagnetic stimulation on bone quality under the disuse status and the 
rehabilitation process is calculated. It is shown by result that compared with mechanical stimulation, 
electromagnetic field is a kind of more reliable method for improving disuse osteoporosis with relatively small side 
effect.
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